A medium, composed of an enzymatic digest of casein and the two vitamins known to be required by the particular strain of Micrococcus pyogenes var. aureus under investigation, was found able to support the growth of about 5 billion cells per ml. When the nitrogenous supplement was increased from the customary level of 2 per cent to 4 or 8 per cent, the 24-hr populations increased by about 3 billion cells per ml. Inasmuch as the 2 per cent level was thought to furnish adequate carbon and nitrogen even for the larger population, a trace element was suspected to be responsible for the improvement in viable count. A search was begun for this stimulatory substance.
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METHODS AND MATERIALS
Microorganisms. For the greater part of this study Micrococcus pyogenes var. aureus NRRL B-1317P was used. In addition, several other strains of this species were investigated.
Medium. The base medium for all experiments was composed of Protolysate3 (a pancreatic digest of casein prepared by Mead-Johnson and Co.), 2 per cent; thiamine hydrochloride, 0.05 mg per cent; and niacin, 1 mg per cent in distilled water. The pH was adjusted before sterilization to 7.7. This medium (PV) was modified as individual experiments dictated.
Culture preparation. Stock cultures of the organisms were carried on slants of the base medium (PV) and were transferred usually once a week. A generous hookful of growth from a 42-to 44-hr slant which had been incubated at 37 C was transferred to 100 ml of PV broth in a 300-ml Erlenmeyer flask. The culture was incubated at 30 C on a Gump-type shaker for about 22 hr. A culture prepared in this manner served as the inoculum in each experiment. The test flasks, 500-ml Erlenmeyers containing 150 ml of medium, were inoculated with 0.5 ml and incubated at 30 C on a recip- RESULTS The viable population in inoculum flasks (PV) after numerous repetitions averaged about 5.3 X 109 cells per ml at age 22 hr. In control flasks run with every experiment, the count at 24 hr approximated 5.5 X 109 cells. In any experiment in which the standard conditions were changed, significance was attached to any count consistently exceeding these values.
In view of the improvement in growth of lactic acid bacteria resulting from the use of Speakman salts (Speakman 1923) , PV medium was supplemented with them at the levels customarily used in microbiological assay media. The viable population increased about threefold over that previously obtained in plain PV medium. Since Speakman salts usually are made up in the form of two solutions (solution A: K2HP04, 10 per cent and KH2P04, 10 per cent; solution B: MgSO4-7H20, 4 per cent; NaCl, 0.2 per cent; FeSO4-7H20, 0.2 per cent; MnSO4c4H20, 0.2 per cent) (Snell and Strong, 1939) figure 1 . It is immediately apparent that the stimulus to growth is completely attributable to the potassium ion.
The next step in this study was to discover the optimum level of potassium for obtaining this stimulation. This was accomplished by supplementing PV base medium with K2HPO4 at varying levels from 0.03 to about 30 millimoles of potassium per 150 ml of culture liquor. Figure 2 shows the relationship between the logarithm of the potassium-ion concentration and that of the 24-hr viable counts in the upper curve and between the logs of the potassium-ion concentration and the 24-hr packed-cell volumes in the lower curve. It is clear that both the viable counts and the packed-cell volumes increase in linear fashion with increase in the potassium-ion concentration until a level of 0.48 mM per 150 ml (0.0032 mm per ml) is reached. Thereafter additional K exerts no further effect on the cell population or total cell substance until 7.68 mm K per 150 ml (0.0512 mm per ml) is added. From here on further increasing the K concentration leads to a decline in the viable population curve indicating a toxicity. The packed-cell volume curve is in general parallel to the population curve. The pH of the 24-hr cultures described ranged between 8.0 and 8.2. There is an almost imperceptible rise in pH as the log potassium concentration increases to 0.48 mm potassium per 150 ml, followed by a slow but steady decline.
It must be stressed that thus far we have discussed the influence only of added potassium. It was, of course, obvious that this element was present to some extent in the medium even before supplementation with K2HPO4. Mead-Johnson and Company (E. L. Wimmer, 1953 personal communication), manufacturers of Protolysate, were kind enough to divulge to us the results of their analyses for mineral elements. They found different batches of Protolysate to vary between 0.2 and 0.3 per cent elemental potassium. Since our standard medium contained 2 per cent Protolysate, each 100 ml of our medium contained 0.004 to 0.006 g potassium, equivalent to 0.154-0.231 mm K+ per 150 ml of medium. Inasmuch as the original medium, PV, was deficient in potassium until approximately 0.5 mm per 150 ml was added as K2HPO4, we may conclude, since we anticipate the presence of insignificant amounts from other sources, that the actual minimum requirement is close to the range 0.6 to 0.7 mm per 150 ml (approximately 0.04 per cent K2HPO4). The values shown in figure 2 signify the amount of potassium added, not the total potassium concentration.
Having assigned primary responsibility to potassium for the growth stimulus derived from adding K2HP04 to the medium (= PVK), it became of interest to discover if other anions associated with the potassium ion might modify this response. To do this a variety of potassium salts were tested in place of K2HPO4 in PV medium, the amount of each being adjusted to give the same molar concentration of potassium (1.148 mM~0.1 per cent). Table 1 shows the salts tested and was not added. This naturally leads to a suspicion that the K2HPO4 was simply exercising a buffer action which held the pH within favorable bounds. If this were true it should be possible to obtain the same growth stimulation if K2HPO4 were substituted with Na2HPO4 in equivalent concentration. That this is not the case may be seen by reference to figure 4. Na2HPO4 equivalent to 0.1 per cent K2HPO4 does not provoke an equivalent response in viable population in the absence of glucose, and has no significant influence on the count in the presence of glucose. Thus the presence of K2HPO4 leads to a change in the rate of growth and in the total population which has no relationship to its action as a buffer.
Since the strain of M. pyogenes used in our experiments is stimulated by additional potassium, we became interested in discovering if this element is required for maximum growth of other strains. Investigation of the effect of potassium on the growth of seven additional strains, four albus and three aureus varie- Table 2 shows these results. It will be noted that one albus strain grows at a considerably slower rate than the other strain studied. It is believed this strain requires other factors in addition to potassium for maximum growth. DIscussIoN After recognizing the influence of potassium upon the growth of Micrococcus pyogenes we searched through the literature for information on this topic. The only paper in which the requirement of M. pyogenes for this element is discussed is that of Rahn (1936) Evaluation of the data available to him led Rahn (1936) to the conclusion that gram negative bacteria, with the exception of Rhizobium and in contrast to gram positives, can grow in media without the addition of potassium. This was an important though not always recognized modification of an earlier generalization made by Boissevain (1928) who stated that the majority of gram negative pathogenic organisms do not need potassium or rubidium for growth while acidfasts and some gram positives do. Rahn's conclusion has been misinterpreted by Porter, (1946) leading him to misquote Rahn as saying that "certain bacteria require no potassium for growth." It is now clear that other gram negative bacteria in addition to Rhizobium, such as Azotobacter (Waksman, 1932) , Pseudomonas aeruginosa (Burton et al., 1948) and Aerobacter aerogenes (Eddy and Hinshelwood, 1949-50) require this element. Eddy and Hinshelwood found nearly linear increases in cell population with increasing potassium in a range from 0.01 to 0.02 mM/i. It becomes a moot point whether these bacteria can grow at all in the absence of potassium because a medium totally deficient in potassium is an impracticability. Until contrary proof is supplied, it would probably be wise to consider that bacteria, in general, like higher forms of life, require the presence of potassium for growth. It may be correct to generalize that gram positive bacteria require higher concentrations of potassium for optimal growth than do gram negatives. Such a generalization, which is what Rahn (1936) was proposing, is fortified by comparing our data for M. pyogenes with that published by Eddy and Hinshelwood (1949-1950) for A. aerogenes. It is readily apparent that M. pyogenes requires something on the order of 20 to 200 times more potassium than A. aerogenes per unit volume of culture. It is further supported by table 3 which shows the requirement of 27 bacteria for addition of potassium in chemically defined media. All gram positive bacteria will be seen to have required higher levels of potassium than were present as contaminating traces. Three lactobacilli may be recognized as perhaps slightly less exacting than their compatriots since they reportedly grew to a limited extent. Bacillus anthracis is more of an exception to the rule since it appears to be able to grow without additional potassium. However, its growth is improved when this element is added. On the other hand, 5 of 6 gram negatives found the contaminant traces of potassium in such media sufficient for growth. A. aerogenes, the lone dissenter, has been shown to require very small additions and perhaps represents a somewhat more exacting strain in this requirement than most gram negatives.
An additional point of discussion is that all of the bacteria reported in table 3, representing most of the work done on the potassium requirement of microorganisms, were grown in chemically defined media containing a sugar or other fermentable carbon source. Very often the authors of papers in such cases relate the effect of potassium to the carbohydrate metab- $ Barton-Wright, 1945, and MacLeod and Snell, 1947, Eddy and Hinshelwood (1949-1950) have shown an antagonism between potassium and hydrogen ions in A. aerogenes cultures.
SUMMARY
It has been shown that media containing less than about 0.6 to 0.7 mm of potassium per 150 ml of solution (about 0.04 per cent K2HPO4) are deficient in this element for the growth of Micrococcus pyogenes. A part of this requirement will be met by impurities in the medium so that it is not necessary to add this much potassium. Although too much potassium is detrimental to cell growth, a considerable excess is tolerated before there is any appreciable decline in viable count. Any salt of this element which is compatible with growth will serve equally well.
The function of the potassium seems not to be involved in the metabolism of sugars for the effect is found in media essentially devoid of them. The depressant effect of glucose on cell growth is, however, neutralized by the presence of potassium phosphate, a change not accomplished by sodium phosphate. Received for publication June 10, 1954 The production of apple cider has been established as a domestic enterprise for centuries and as an industrial enterprise for decades. Beginning with the work of Pasteur, much has been done to investigate the conditions necessary for the production of alcohol in beer and wine. It is questionable if the factors affecting the fermentation of wort and grape juice would also apply to that of apple juice; nothing in the literature has indicated that any comparisons of this nature have been made. It appears also that relatively little has been published about the numerous factors that affect the quality of apple cider. Tressler et al. (1941) have reported that blends of ciders made from two or
